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STATISTICS AIDS ACCOUNTING 
IN THE DEVELOPMENT
OF PERFORMANCE STANDARDS
When performance differs from budget, the reasons are myriad—and often seemingly 
incapable of sound determination. This scholarly article suggests that the proper use 
of statistical models may assist management in evaluating performance.
Dr. Virginia L. Huntington, CPA 
Tempe, Arizona
The final adoption of a control budget 
ordinarily represents the culmination of the 
joint efforts of the various levels of manage­
ment responsible for its execution. Even so, 
performance will not coincide exactly with 
standards adopted and a budget variation will 
occur; the point at which the deviation be­
comes significant is the point of interest, sug­
gesting investigation and corrective action. 
Appropriate statistical techniques can bring a 
greater usefulness to the accounting control 
system by supplying a logical, consistent defi­
nition of significant deviation, thus forging the 
system into a reliable guide for the application 
of the principles of ‘management-by-exception.’
The Nature of Performance Standards
A standard is a basis for comparison, ex­
pressed in one of a number of various units 
of measure. A performance standard is (1) an 
expected result based on actual experience or 
(2) a desirable goal to be attained.
The planning and control budgets of a firm 
may be stated in terms of either of these con­
cepts, depending upon the circumstances and 
the philosophies of management. Under some 
theories of motivation, the budget becomes a 
synthesis of individual responsibilities, at least 
partially self-assigned at certain administrative 
levels and additive to the over-all goal.1
1Glenn A. Welsch, Budgeting, Profit-Planning and Con­
trol (Englewood Cliffs, New Jersey: Prentice-Hall, Inc., 
1957), pp. 7 and 22.
2Andrew C. Stedry, Budget Control and Cost Behavior 
(Englewood Cliffs, New Jersey: Prentice-Hall, Inc., 1960), 
p. 40.
3Ibid., p. 33.
If a budget is to serve effectively as a con­
trol device, the standards incorporated in the 
budget must be attainable. But, standards may 
be tight, not too tight, or loose, according to 
management philosophy. Some have suggested 
that a performance standard should be adjusted 
to the individual2 and that a higher rate of 
cost reduction is possible in the “discouraged 
state” than in the “encouraged state” and fur­
ther that . . the rate of budget reduction for 
the man who becomes only slightly discouraged 
and gives up completely only under extreme 
provocation should be calculated to keep him 
just short of resignation at all times . . .”3
Whether a particular management policy is 
formulated in accordance with these conclu­
sions depends upon the basic philosophies 
adopted. Under self-motivation theories, in­
dividuals responsible for operational cost and 
profit results are encouraged to contribute 
suggestions and information during budget 
construction and then to initiate analysis and 
correction of performance in their areas of 
responsibility. Under any philosophy, a mini­
mum standard usually would be that of sus­
taining current performance.
Subjective Standards
A range of chance deviation may not be 
readily definable when standards are set sub­
jectively; attempts to locate such a range may 
involve intuitive assessment, comparisons with 
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past information, or the employment of sub­
jective probabilities. The latter approach is 
based on the concept of the budget standard 
as the expected performance, i.e. the estimated 
mean of a number of possible outcomes under 
an assumed set of operating conditions.4
The subjective probability model, properly 
constructed, often is amenable to treatment 
as a normal probability density function, per­
mitting the use of readily available published 
tables for the computation of significant devi­
ation.5 The parameters of the function are the 
mean and the standard deviation; consequently, 
both values must be stated in establishing the 
budget standard. . . The supervisor would 
estimate the standard deviation by assigning 
subjective probabilities to possible variances6 
from the budgeted amount. . . .”6
A subjective probability computation may be 
more useful in a budgetary control program 
than would other types of subjective analyses, 
but it should not be employed solely because 
of its mathematical dress. The computation is 
meaningful if the shape of the adopted prob­
ability distribution approximates that of the 
empirical distribution. The procedure has the 
advantage of producing an interval estimate 
rather than a point estimate, thus indicating 
that some deviation is to be expected. It has 
been suggested7 that, in spite of their limita­
tions, subjective probability computations pro­
vide for consistency between plan and action.
Objective Standards
When feasible, objective analyses are pre­
ferable in the development of performance 
standards; the fitting of observed values to 
probability functions provides a strong basis 
for probability analysis. Under these condi­
tions, statistical sampling, regression analysis, 
and control chart techniques can facilitate the 
interpretation of empirical accounting infor­
mation to aid (not supplant) management con­
trol decisions.
Even limited observations can provide use­
ful inferences concerning a universe. If all ele­
ments of a universe have a known probability 
of inclusion in a sample, a sample statistic is 
an estimator of a universe parameter within 
determinable bounds of error. A universe may 
consist of any unlimited sequence of obser­
vations. Thus, a universe may comprise all
4Harold Bierman, Jr., Lawrence E. Fouraker, and Robert 
K. Jaedicke, “A Use of Probability and Statistics in Per­
formance Evaluation,” THE ACCOUNTING REVIEW, 
Vol. XXXVI, No. 3 (July 1961), pp. 409 and 410.
5Ibid., p. 410.
6Ibid., p. 412.
7Harold Bierman, Jr., Lawrence E. Fouraker, and Robert 
K. Jaedicke, Quantitative Analysis for Business Decisions 
(Homewood, Illinois: Richard D. Irwin, Inc., 1961), p. 9. 
possible observations of performance times 
on a shop operation, with an inference con­
cerning the universe developed from a limited 
number of observations. By drawing a random 
sample of workers from a pool or universe 
of workers and then drawing a random time 
sample of each sample worker’s performance, 
a proper basis is provided for the establish­
ment of a normal time standard.
Some Reported Experiments
Several interesting and useful statistical 
applications in the development of budget 
and subsidiary performance standards have 
been reported. A survey of the use of statistical 
techniques by various government offices8 in­
dicated that in addition to a number of 
internal auditing programs involving statistical 
sampling, several offices had experimented 
with applications in the area of financial 
budgeting.
A sampling of military pay records enabled 
the Office of the Chief of Finance, Depart­
ment of the Army, . . to determine the 
validity of selected budget items. . . .”9 The 
Bureau of Yards and Docks, Navy Depart­
ment, applied projection techniques “. . . to 
determine the obligation patterns to meet 
expenditure goals . . .”10 and the Federal 
Aviation Agency . . experimented with sta­
tistical sampling in determining funding re­
quirements lor its Agency Stock and Stores 
Program . . .”11
An experimental study of the control of 
labor performance described the testing of 
labor standards for consistency.12 The inves­
tigators found that a certain manufacturing 
concern rated labor performance in terms of 
the ratio of earned hours (standard hours for 
the quantity produced) to actual hours for 
each product and in total.13 Daily reports 
reached the desks of the plant superintendent 
and various officers. Each gave his own in­
terpretation to the reports, with the signifi­
cance of deviation from standard identified 
by one officer as 25% and by the plant super­
intendent as 5%.14
To obtain a statistical interpretation of the
8Louis L. Teitelbaum and Norman L. Burton, “Use of 
Statistical Techniques by the Government,” JOURNAL OF 





12Richard M. Gyert and G. Meyers, “Statistical Tech­
niques in the Control of Labor Performance,” in Sampling 
Techniques in Accounting by Robert M. Trueblood and 
Richard M. Cyert (Englewood Cliffs, New Jersey: Prentice- 




labor performance reports, the investigators 
selected two cost centers and constructed con­
trol charts on the basis of the daily ratios for 
a six-month period. Operations for a succeed­
ing period of ninety days were plotted. Close 
study showed that unexplained shifts followed 
changes in product mix and the investigators 
decided that standards on the various products 
were not consistently tight. Rank correlation 
tests and regression analysis supported their 
conclusions.15 In this study, statistical control 
chart techniques were applied to daily pro­
duction data prepared in the plant on a 
total count basis. Each day’s performance was 
interpreted as a sample of all possible per­
formances. This concept of actual performance 
as a sample has been recognized in various 
discussions of statistical theory.16
A report on the employment of statistical 
techniques in the control of materials wastage17 
demonstrated that even a small operation can 
benefit from the use of such techniques as 
an aid in reducing excessive material costs. 
The reported application concerned a lining 
operation in the manufacture of wastebaskets. 
The initial step in the experimental procedure 
was the selection of a random sample of 
ten wastebaskets from each day’s production 
for ten days. Material quantities in the linings 
were priced at standard cost; the average 
cost and the cost range for each day entered 
into a computation of average cost and 
average range for the ten-day period. These 
values were used to fix control limits at a 
three-sigma level, providing a material usage 
standard for the production of subsequent 
days.
15 Ibid., pp. 146-147.
16W. Edwards Deming, “A View of the Statistical Meth­
od,” THE ACCOUNTING REVIEW, Vol. XIX, No. 3 
(July 1944), pp. 254-260.
17 Dewey W. Neal, “Cost Control Charts—An Applica­
tion of Statistical Techniques,” NAA BULLETIN, Vol. 
XL1I, No. 9 (May 1961), pp. 73-78.
18Horace C. Walton, “Profit Control and Measurement 
Through Statistical Correlation,” THE CONTROLLER, 
Vol. 27, No. 9 (September 1959), pp. 410-411, 430-431.
Plotting of sample cost values showed an 
out-of-control situation on the second subse­
quent day. Investigation revealed an exces­
sive use of glue and heavy-duty tape. Under 
the control chart procedure, the supervisor 
was able to detect deviations from standard 
as they occurred and, through immediate 
corrective action, improved his line’s per­
formance.
Another report, of a correlation study, re­
vealed that the observation of related variables 
in pairs through time furnished a standard 
expected ratio for prediction purposes.18 The 
report described a computer calculation of 
the correlation line for twelve months’ sales 
and profits figures. The numerical calculations 
were made in about a minute and a half and 
set up an expected relationship as an aid in 
budgeting subsequent operations. The author 
suggested that recent changes affecting the 
future be factored into the past-experience 
base. A change in selling price or a known 
future wage increase should be applied retro­
actively to adjust the basic data before com­
puting the correlation line. The technique 
applies only to variable costs and margin. A 
variable margin control chart prepared from 
the observed values established a prediction 
range.
These studies have demonstrated the broad 
scope of the application of statistical theory 
to the successful solution of control problems. 
Each of the reported applications represented 
an objective analytical approach to the prob­
lems of budgeting and to the development 
of performance standards. Large-scale opera­
tions or a small one-product organization may 
benefit. Control charts were used to give 
graphic interpretation to control standards 
and to the analysis of performance. Regression 
techniques, utilizing the concept of significant 
limits, were used to develop predictions of 
cost or performance in terms of changes in 
volume and to segregate fixed and variable 
components in semi-variable costs. Such anal­
yses are indeed useful to those who have need 
of information for planning and decision pur­
poses.
A Performance Model
The construction of a model facilitates the 
study of a system by defining the system and 
expressing the relationships between variables. 
In an experimental study, the model is tested 
and appraisal leads to revision to reduce the 
differences between theory and reality. The 
model then serves as a representation of the 
system to be utilized for further analysis and 
prediction. Traditional budgets and financial 
statements serve as a point of departure in 
the construction of a more sensitive analytic 
model.
The primary function of a budget program 
is to aid the planning and control of business 
operations. An analytic model may supplement 
budgeting efforts by providing an insight into 
the variability of operating relationships re­
sulting from random fluctuations. Point pre­
dictions for planning and control purposes 
should be supported by interval predictions 
in order that subsequent deviations from an 
adopted plan may be interpreted as either 
significant or within acceptable limits. The 
responsibility pattern of the budget should 
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be recognized in the analytic model to allow 
analysis at the centers of control, consistent 
with activities and assigned responsibilities.
The performance model for a manufacturing 
company should be a two-part profit model 
for the firm, supported by subsidiary models 
for various functional activities. The profit 
standard is defined in terms of the variable 
margin rate and the rate of return on invest­
ment; it is an expected result, based on the 
average of consistent experience of a repre­
sentative sample. Any expected improvements 
may be factored into the experience base. 
The subsidiary models for the sales function 
consist of a profit model and a sales perfor­
mance model for each sales region.
The models are constructed in symbolic 
form and in control chart form. The control 
standard, or central line of the control chart, 
represents a normal standard, based on recent 
past experience. The control limits may be 
defined at two standard deviations from the 
mean or central control line. The two-sigma 
limits, above and below the mean, represent 
specified limits of chance deviation. Assuming 
a normal probability distribution, there is less 
than a .05 probability that random variable 
values would exceed these limits. Therefore, 
there is a high probability that an assignable 
cause can be located for extreme values when 
subsequent operations are plotted on the chart.
The traditional budget standard is a single- 
value standard or, in some instances, several 
single-value standards specified for several 
possible activity levels. These single-value 
standards do not provide for the interpreta­
tion of possible fluctuations around the speci­
fied budget amount, although such fluctua­
tions should be expected. The control chart 
standard, on the other hand, does recognize 
the existence of such fluctuations and provides 
an interval standard which defines the limits 
of standard performance as the probability 
limits of random, non-controllable fluctua­
tions. The interval standard permits the seg­
regation and the reporting of exceptional de­
viations; the costs of investigation may be 
restricted to the costs of investigating excep­
tional performance. If a trend develops within 
the control limits (evidenced by an extended 
run of values on one side of the control line 
or in one vertical direction) indicating a 
change in the nature of the operation, in­
vestigation should be extended to include this 
situation.
The performance models will be guides for 
the analysis of operations. The charts will be 
incorporated into a control-reporting system 
which calls attention to out-of-control situa­
tions in need of investigation.
Although a summary model is useful as an 
over-all review mechanism, the primary con­
trol centers are located at subsidiary manage­
ment levels. Performance models for depart­
mental controls and line controls allow the 
detection of significant deviations from stan­
dard at the points of occurrence, before an 
out-of-control state is reflected in the summary 
model. For example, performance models for 
the sales function provide for the testing of 
the state of control in the various sales regions. 
The sales distribution by product group with­
in each region is of interest because of the 
differences among product groups in variable 
margin rates and because of the opportunity 
to promote a product through trade promo­
tion and advertising.
Product-region variable margin rates in the 
summary models and in the sales region 
models are parameters to be valued by empiri­
cal observations of costs recorded in the 
accounting records. Cost accounting data pro­
vide the basic information, which is adjusted 
to reflect current conditions, e.g. significant 
changes in sales price, process, wage rates, 
material costs, etc.
The accounting system of the company 
must segregate direct costs, i.e. those costs 
which fluctuate with changes in volume. Cost 
of sales elements must be accumulated by 
product group and direct selling expenses by 
region. Other items should be accumulated 
by product and region if this can be done. 
(It may be necessary to allocate some costs 
to product groups or regions on the basis of 
the ratio of other costs to sales.) The expected 
ratio of direct costs to sales for a region is a 
function of the sales distribution in the region, 
as is also its complement, the over-all variable 
margin rate. These rates are assumed to be 
constant when they are used as parameters in 
the summary profit performance models; any 
changes in their values necessitate a new com­
putation of the summary model profit standard.
External forces cannot be ignored in the 
setting of standards. The sales quantity model 
for each product is deficient unless it is 
amended according to new market intelligence. 
A performance model for the production func­
tion should express production quantities in 
terms of expected output at a stated capacity.
Control charts for quantities produced and 
for the costs of production may be developed 
to any desired degree, but physical standards 
are most useful for line control. Procurement 
prices may be used to relate physical standards 
to unit cost standards. A summary model for
(Continued on page 19)
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OF PERFORMANCE STANDARDS
(Continued from page 8)
the production function may include a profit 
indicator for the function by translating pro­
duction quantities into potential sales dollars 
at list price and by applying a parameter rep­
resenting the variable margin rate.
Summary
A review of budget and control philosophies 
provides a frame of reference for an examina­
tion of the contributions of statistics and 
accounting to the development of performance 
standards. Certain reported experiments are 
of interest to the would-be builder of per­
formance models. The control chart furnishes 
a logical control model. Control charts, based 
on the properties of a normal curve, serve as 
devices for identifying significant deviations 
from adopted norms. The plotting of per­
formance values on such charts allows an 
immediate visual evaluation of performance 
against an adopted standard; significant de­
viations may be noted as values outside the 
control limits or as part of a non-random 
trend developing within the limits. The 
adopted standard should provide a realistic 
norm for the measurement of subsequent per­
formance; any adjustments to an experienced 
norm should have a basis in fact in order 
that the usefulness of the control mechanism 
may be maintained.
OBSERVATIONS REGARDING WOMEN IN PUBLIC ACCOUNTING
(Continued from page 10)
Extremes
Sometimes, women accountants have found 
themselves in the unfortunate position, of being 
asked to do clerical work unrelated to account­
ing; for example, to type, operate the Xerox 
machine, or relieve the telephone operator, 
none of which are professional employment. 
The young lady finding herself in this posi­
tion has the problem of educating her em­
ployer. Perhaps the most effective argument 
is to show that she is no better at typing or 
xeroxing than her male cohorts.
Conclusion
A summary of the problems faced by the 
woman in public accounting prepared by any­
one else in the profession could certainly 
differ from those outlined here. The im­
portant thing is that in airing these problems 
we can identify the real ones and, hopefully, 
develop solutions to them.
AUTOMATED DATA PROCESSING
(Continued from page 12)
Summary
In a manual bookkeeping system, informa­
tion is recorded many times on different forms 
and in various journals and ledgers. With 
punch card machines there is far less manual 
copying and recopying of data; therefore, 
there are likely to be fewer errors. Once data 
is punched in a card and verified, the informa­
tion can be stored efficiently and permanent­
ly. It can be sorted, merged, reproduced, and 
printed on many reports. The punched card, 
containing all of the details of a complete 
transaction, is the basic building block for 
a punched card data processing system. De­
tailed customer cards showing purchases can 
be used for daily sales reports, for customer 
invoices, for customer statements, and for 
inventory reports. Not only can they be used 
to produce basic documents, but they can be 
processed in many ways to produce summaries 
to bring current information to management.
It is possible then to develop a partially in­
tegrated system with punch card machines. 
Although they have definite machine limita­
tions, they still offer significant advantages 
over manual systems. Many small- and 
medium-sized companies find these machines 
both useful and economically feasible; but as 
the cost of computers continues to decline, 
many firms will probably shift to electronic 
equipment.
The next installment of this scries will deal 
with electronic equipment.
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